Management of patients in critical care units poses unique challenges due to the precarious nature of their illnesses.[@ref1] Multiple drug therapy is often used to treat these patients, which unfortunately increases the risk of unwanted medical errors exponentially.[@ref2] Drug-drug interactions (DDIs) are the one of the most easily preventable of these errors.[@ref3],[@ref4] Drug-drug interactions must be minimal, so as not to diminish the desired therapeutic effect of the drug, and prevent an increase in patient morbidity and mortality.[@ref5] The frequency of cardiovascular diseases has increased worldwide, and account for 30% of all deaths, of which 80% occur in developing countries. In Pakistan, 30% of all the deaths are due to cardiovascular diseases and the Pakistani population has the highest risk of coronary heart disease in the world.[@ref6],[@ref7] Patients admitted to the cardiac intensive care units are especially prone to DDIs due to the large number of drugs prescribed, age and pathophysiological characteristics.[@ref8] Drug-drug interactions are one of the most significant causes of hospital admissions and re-hospitalizations.[@ref9] The prevalence of potential DDIs is reportedly high in patients under treatment for cardiological conditions. The studies in Brazil have reported the prevalence of potential DDIs (PDDIs) to be 87.2%,[@ref10] USA 27.3%,[@ref11] and Netherlands 40.3%[@ref12] in the cardiology departments. However, limited data are available on the prevalence of DDIs in the CCUs in Pakistan; hence, the study was designed and conducted.

Methods {#sec1-2}
=======

This one year prospective cross-sectional study was performed at the cardiac intensive care units (CICUs) of 2 teaching hospitals in Peshawar, namely Khyber Teaching Hospital (KTH) and Hayatabad Medical Complex (HMC), Peshawar, Pakistan, between January 2014 and January 2015. Patients from the province of Khyber Pakhtunkhwa and Afghanistan visit these hospitals for treatment. The sample size was calculated to be 520 patients (260 from each hospital). Approvals from the ethical committees of both hospitals were obtained.

Inclusion criteria was set as patients admitted to the CCU for at least 24 hours and prescribed a minimum of 2 drugs. Patients who were administered medications once, or who received topical preparations and bulk sterile preparations were excluded from the study. Patient demographics and medication profile was collected on a predesigned proforma. International Conference on Harmonization guidelines for good clinical practice were followed.[@ref13]

Potential DDIs were analyzed from the medication charts using both Micromedex database DrugReax and Drug Interaction Facts. These databases provide detailed information on the clinical outcome of the DDIs along with their mechanisms. Micromedex DrugReax reports the severity, documentation, onset, and mechanism of drug interacting pairs while Drug Interaction Facts additionally reports their clinical significance. The drug interacting pairs in Micromedex DrugReax are classified according to severity into 5 categories (contraindicated, major, moderate, minor and unknown). Onset is classified as rapid, delayed and unknown while the documentation available is classified into excellent, good, fair and unknown. The type of interactions was classified as pharmacodynamic, pharmacokinetic and unknown, while the mechanisms as synergism, antagonism, absorption, distribution, metabolism, elimination and unknown. The clinical significance is classified in Drug Interaction Facts on a level from 1 to 5, with 1 being the most clinically significant and 5 the least. The prevalence of PDDIs can be defined as the total number of patients with at least one PDDI divided by the total number of patients.

Statistical analysis {#sec2-1}
--------------------

Descriptive statistics was used and results were presented as mean ± SD and as percentages. Logistic regression was used to identify the significance of the factors associated with the presence of PDDI. The results were considered significant if p values were \<0.05. The analysis was conducted using IBM SPSS Statistics for Windows, Version 20. (Armonk, NY: IBM Corp.)

Results {#sec1-3}
=======

A total of 520 patients, 260 each from the KTH and HMC, were evaluated. The proportion of males was higher in both populations (male 59.23% and female 55%), while the mean age of the patients was 56 ±13.49 years for males and 59 ±12.75 years for females. Mean duration of stay in the CCU was 4 days and an average of 6 drugs were prescribed per patient in KTH, and these respective variables were 3 and 6 drugs in HMC (**[Table 1](#T1){ref-type="table"}**). Myocardial infarction was the most common diagnosis in both hospitals (**Figures [1](#F1){ref-type="fig"} & [2](#F2){ref-type="fig"}**).

###### 

General characteristics of the patients admitted to the CCU.
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![Percentages of patient diagnosis in the cardiac care units of Khyber Teaching Hospital, Peshawar, Pakistan. MI - myocardial infarction, ACS - acute coronary syndrome](SaudiMedJ-39-1207-g002){#F1}

![Percentages of Patient Diagnosis in the cardiac care units of Hayatabad Medical Complex, Peshawar, Pakistan. MI - myocardial infarction, ACS - acute coronary syndrome, CAD - coronary artery disease](SaudiMedJ-39-1207-g003){#F2}

Potential drug-drug interactions {#sec2-2}
--------------------------------

A total of 1295 PDDIs were identified in KTH, comprising of 48 drug pairs, with at least one PDDI in 96.5% of patients. At least one PDDI was present in 98.1% of the male and 94.3% of the female patients. Most of the PDDIs had moderate severity (52.6%), good documentation (47.1%), unknown onset (59.1%), and were clinically significance (58.8%). In addition, 66.9% of the PDDIs were pharmacodynamic, while 44.6% had a synergistic mechanism (**[Table 2](#T2){ref-type="table"}**). The most frequently interacting drug pair was aspirin and clopidogrel (**[Table 3](#T3){ref-type="table"}**).

###### 

Categories of PDDIs encountered in the CCU.
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###### 

Most common interacting drug pairs in the cardiac care units.
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In HMC, 1253 PDDIs were identified comprising of 93 drug pairs, with at least one PDDI in 95.7% of patients. In terms of severity, most of the PDDIs were moderate (54%) and of good documentation (51.2%), while the onset and clinical significance of most interactions were unknown (56.2% and 54.7%). Most of the interactions were pharmacodynamic (71.7%), while synergism was the most common mechanism (45.7%) (**[Table 2](#T2){ref-type="table"}**). The frequently occurring drug interacting pairs along with their potential outcomes (the possibility of adverse events due to the concomitant use of the drugs) are shown in **[Table 3](#T3){ref-type="table"}**.

Predictors of PDDIs {#sec2-3}
-------------------

Multiple logistic regression was applied to identify the association of PDDIs with number of prescribed drugs, duration of stay and with gender. In KTH, a significant association was seen between the presence of PDDIs and prescription of 3 or more drugs (OR = 35.157; 95%CI = 1.041-1187.61; *p*≤0.05). The association of PDDIs with duration of stay ≥3 days (OR = 0.916; 95%CI = 0.108-7.768; *p*≥0.05), and with gender (OR = 0.325; 95%CI = 0.076-1.384; *p*≥0.05) (**[Table 4](#T4){ref-type="table"}**) were insignificant. In HMC, there was a significant association between the presence of PDDIs and prescription of six or more drugs (OR = 12.756; 95%CI = 2.637-61.706; *p*≤0.05). As with KTH, an insignificant association was seen between the presence of PDDIs and duration of stay ≥3 days (OR=1.327; 95%CI = 0.364-4.831; *p*≥0.05), and gender (OR=0.658; 95%CI = 0.185-2.339; *p*≥0.05) (**[Table 4](#T4){ref-type="table"}**).
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Logistic regression analysis.
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Discussion {#sec1-4}
==========

This study was conducted in 2 tertiary care hospitals of Peshawar, the Khyber Teaching Hospital and Hayatabad Medical Complex, and the prevalence of PDDIs in the respective CCUs was 96.5% and 95.7%. Previous studies conducted in the cardiology departments of hospitals in Pakistan reported PDDI prevalence of 91.6% and 77.5%, whereas high prevalences of PDDIs was also reported from India (74.5%)[@ref16] and Brazil (70.6%).[@ref17] However, these studies were conducted in the cardiology wards and not in the CCUs where higher prevalence would be expected. A study conducted in the US reported a prevalence of 29% in cardiothoracic ICU and 27.3% in the CCU. The prevalence reported in the Netherlands is at least one PDDI in 40.3% patients.[@ref12] Studies suggest that anticoagulants and antiplatelets are commonly involved in PDDIs in CCUs,[@ref8] and cardiac patients are susceptible to minor alterations in drug therapy which leads to multiple problems.[@ref11] Consistent with the general predominance of heart diseases in males, most patients in our cohort were also men.[@ref18] In addition, the most prevalent cardiac disease is myocardial infarction (MI).[@ref19] Potential DDIs are considered significant if they display severity as major or moderate, and documentation as excellent or good. The majority of PDDIs in this study were with moderate severity and good documentation; thus, they were significant and must be avoided to decrease the mortality and morbidity rates. Most of the PDDIs were pharmacodynamic and synergistic, consistent with other studies.[@ref20] Polypharmacy is significantly related to the increased number of PDDIs, and a strong association was seen between the number of prescribed drugs and PDDIs in this study (*p*≤0.01). Previous studies have also reported a significant association between these 2 factors.[@ref21] In contrast, the association between PDDIs with either duration of stay or number of interactions were insignificant, possibly due to the brief duration in the CCU.

Anticoagulants, antiplatelets, and antihypertensive medications are commonly used in CCUs and are also involved in the majority of the PDDIs. However, if the potential benefits outweigh the risks, the physician may prescribe them together. Various electronic databases have been useful in the identification of DDIs along with their severity, documentation, onset, mechanism and clinical significance, based on which the clinician makes the decision to continue, discontinue or modify the drug pairs. However, simply changing or discontinuing the interacting drug pairs identified by the electronic databases without analyzing the underlying mechanisms may lead to unreliable clinical decisions, thereby complicating the patient's condition. For example, aspirin and clopidogrel were the most frequently interacting pair in this study and associated with an increased risk of bleeding; however, they may be given together in some patients to prevent thromboembolism. Therefore, the final decision should be made according to the patients' specific requirements. Unfortunately, PDDIs are not properly monitored in CCUs, and many physicians are either not aware of the potential harm of PDDIs or are too burdened to consider them. Moreover, both KTH and HMC presented statistically similar results in terms of prevalence of PDDIs and their severity, documentation, onset, type, mechanism and clinical significance, which confirms the similarities in the clinical practices in both hospitals. Therefore, we recommend using electronic databases to help clinicians make patient-specific decisions after evaluating the complete details of PDDIs. However, if financial constraints limit the use of such databases, the data provided in ours and similar studies can help optimize patient therapy.

Study limitations {#sec2-4}
-----------------

This study was limited to the KP region in Pakistan and neighboring Afghanistan. Adverse outcomes could also not be monitored due to the study design.

In conclusion, high risk of developing PDDI in patients receiving polypharmacy and lengthier stay in the CCU settings as when compared with studies conducted in cardiology wards. Regular monitoring of PDDIs and timely interventions to minimize the adverse outcomes, and the mortality and morbidity rates is recommended.
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